the presence of NPM1 mutations) but nucleus-restricted in BPDC neoplasm (because of a germline NPM1 gene). Our results, have important diagnostic implications, further clarify the cell of origin of NPMc + AML, and justify the inclusion of AML with mutated NPM1 and BPDC neoplasm as separate entities in the new WHO classification.
Introduction
Acute myeloid leukemia (AML) carrying cytoplasmic mutated nucleophosmin (NPMc + AML) 1 accounts for about one-third of adult de novo AML and has distinctive biological and clinical features. [2] [3] [4] For these reasons, it has been included as a new provisional entity (named AML with mutated NPM1) in the new WHO classification of myeloid neoplasms.
Among the most compelling evidence that AML with mutated NPM1 represents an entity is that NPM1 mutation -or its immunohistochemical surrogate, cytoplasmic nucleophosmin 5 -is specific for AML 6 (usually of de novo origin), is very stable during the course of the disease, 7 is mutually exclusive of AML carrying recurrent genetic abnormalities 8 and associates with distinct gene expression 9 and microRNA profiles. 10 However, no investigation has, as yet, been carried out into the relationship between NPMc + AML and the blastic plasmacytoid dendritic cell (BPDC) neoplasm 11 (previously known as blastic NK-cell lymphoma or agranular CD4 + /CD56 + hematodermic neoplasm), that has been also introduced as a distinct entity in the new WHO classification. 11 Distinction between these two pathological conditions is important since they may share some clinical and pathological features (e.g. high frequency of cutaneous and leukemic dissemination, expression of the macrophage-restricted CD68 molecule and CD34-negativity). 11 On the other hand, since BPDC is generally associated with genetic abnormalities and dismal clinical evolution, the study of nucleophosmin status in BPDC could be of interest in the process of designation of AML with mutated NPM1 as a distinct clinicopathological entity.
In this study, we provide evidence that the immunohistochemical study of subcellular distribution of nucleophosmin allows the two entities to be genetically separated. In fact, nucleophosmin is cytoplasmic in NPMc + AML (because of 
Design and Methods

Pathological samples
The aim of this study was to investigate the presence of NPM1 mutations in a wide spectrum of PDC proliferations. The following pathological samples were studied: n=13 typical BPDC neoplasms, whose phenotypic features are summarized in Table 1 ; reactive lymph nodes (n=16), myelodysplastic syndromes (n=14), AML (n=9) and myeloid sarcoma (n=5) harboring nodules of mature PDCs. Since no fresh material for molecular analysis was available from these cases, we used immunohistochemistry to detect aberrant cytoplasmic expression of nucleophosmin that is known to be fully predictive of NPM1 mutations.
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Immunohistochemical studies
Paraffin sections from all pathological samples were subjected to antigen retrieval and stained with antibodies directed against fixative-resistant epitopes of the protein nucleophosmin 1 and various PDC-associated markers. Nucleophosmin was detected using the monoclonal antibody (mAb) anti-NPM (clone 376) 1 ; PDCs were identified using mAbs anti-CD4 (clone OPD4; DakoCytomation), anti-CD56 (clone 1B6; NovoCastra), anti-CD123 (clone 7G3; BD Pharmingen), anti-TCL1 (clone TCL1A; Upstate), and anti-CLA (clone HECA-452; BD Pharmingen). Four cases were immunostained with an antibody directed against the new PDC marker CD2AP (kindly provided by Dr. Teresa Marafioti, University of Oxford). All samples were also investigated for expression of C23/nucleolin (mAb anti-C23, clone MS-3; Santa Cruz Biotechnology), the CD34 (mAb antibody anti-CD34, clone Qbend/10; DakoCytomation) and CD68 macrophage-restricted molecule (mAb PG-M1 generated in B. Falini's laboratory).
The antibody-antigen reaction was revealed by immunoalkaline phosphatase (APAAP) or immunoperoxidase, according to standard procedures. 
Results and Discussion
All 13 BPDC neoplasms expressed three or more of the PDC-associated molecules CD4, CD56, CLA, CD123, TCL1 (Table 1 ; Figures 1 and 2 ), including the recently described PDC marker CD2AP
12 that was investigated in 4 cases (data not shown); all 10 samples investigated were CD34-negative (Table 1) . Notably, tumor cells from all specimens showed nucleus-restricted expression of nucleophosmin (Figures 1 and 2 ) that was the same as C23/nucleolin and was fully predictive of NPM1 gene in a germline configuration. Interestingly, the nucleusrestricted positivity for nucleophosmin was also observed in paraffin sections from bone marrow biopsies of 14 patients with leukemias of ambiguous lineage (Online Supplementary Figure 1S ) as defined by WHO, i.e. pathological conditions which share some but not all immunophenotypic features of BPDC neoplasm. 11 The nucleophosmin staining pattern in BPDC neoplasm and leukemias of ambiguous lineages clearly differed from the aberrant cytoplasmic NPM positivity found in 10 cases of AML with mutated NPM1 (data not shown) that were used as controls for the immunohistochemical procedures.
Similarly to tumor cells of BPDC neoplasm, nodules of mature PDCs in reactive lymph nodes (n=16), myelodysplastic syndromes (n=14), AML (n=9) and myeloid sarcoma (n=5) showed nucleus-restricted positivity for NPM (data not shown). Interestingly, a variable percentage of mature PDCs was negative for nucleophosmin, which is consistent with previous findings that NPM1 is downregulated during differentiation (e.g. NPM protein levels are much lower in normoblasts or neutrophils than in the more immature erythroid or myeloid precursors). 2 Our immunohistological results clearly indicate that cytoplasmic expression of nucleophosmin (the surrogate marker for NPM1 mutation) 5 is mutually exclusive of BPDC neoplasm and other PDC proliferations. These findings concur with reports that 10-20% of BPDC neoplasms are associated with, or develop into AML, which can evolve from underlying myelodysplasia, 11 and that PDC nodules are not infrequently present in myelodysplastic syndromes. NPM1 mutation, on the contrary, appears to be characteristic of de novo AML 13 and mutually exclusive of myelodysplastic syndromes. 11 which is usually characterized by complex, albeit not specific, chromosome aberrations. Mutual exclusion of NPM1 mutation and BPDC neoplasm may reflect not only different underlying genetic backgrounds but also diverse cells of origin. BPDC is thought to derive from the precursors of plasmacytoid dendritic cells, a specialized subset of dendritic cells that are also known as professional type-1 interferon producing cells or plasmacytoid monocytes. 15 A multilineage potential in some cases of BPDC neoplasm is suggested by immunophenotypic heterogeneity with regards to TdT, association with myeloid disorders and expression of lymphoid markers (such as CD2, CD5 and, more rarely, CD3). 11 Although multilineage involvement is also a feature of NPMc + AML, 16 it is restricted to the compartment of myeloid cells since NPM1 mutations do not target lymphoid cells. 17 Our results suggest that NPM1 mutations may also spare the yet poorly understood pathways leading to PDC generation in bone marrow. 18 The results presented herein also have implications in the differential diagnosis between BPDC neoplasm and myelomonocytic (M4) or monoblastic/monocytic (M5) leukemia. 19 This may represent a major diagnostic dilemma, because all these pathological conditions, in addition to bone marrow infiltration, may show skin or lymph node involvement, negativity for CD34 and expression of the macrophage-restricted CD68 molecule. Immunohistochemical detection in paraffin sections of several PDC-associated molecules, including CD123 (interleukin-3 α-chain receptor), TCL1, CD2AP, 12 CD56 and CD4 is a valid diagnostic assay. However, none of these markers is specific for BPDC neoplasm, as AML cells may express TCL1, or CD123, as well as CD56, associated or not with CD4. Immunostaining for nucleophosmin can be of help in distinguishing AML or myeloid sarcoma with mutated NPM1, especially the subset with MPO -/CD4 + /CD56 + phenotype, which is characterized by aberrant cytoplasmic NPM, 20 from the BPDC neoplasm which shows nucleus-restricted NPM positivity. The distinction between BPDC neoplasm and NPMc + AML is clinically relevant since BPDC is usually very aggressive, 11 with a median survival of 12-14 months, whilst NPMc + AML, in the absence of a concomitant internal tandem duplication of FLT3 (FLT3-ITD), has a favorable prognosis. 2 In conclusion, our results point to subcellular nucleophosmin expression as another marker to be added to the battery of morphological, immunohistochemical and cytogenetic studies which are required in the differential diagnosis between BPDC neoplasm and AML. Anti-NPM immunohistochemistry appears to be particularly useful since, given the rarity of BPDC neoplasm and the small size of skin biopsies (the most frequently involved site), fresh material for cytogenetic and molecular studies more often is not available. Moreover, our results provide additional information on the NPMc + AML cell of origin and justify the inclusion of AML with mutated NPM1 and BPDC neoplasm as separate entities in the new WHO classification of myeloid neoplasms.
11,21
Authorship and Disclosures
BF had the original idea of the study and wrote the manuscript. FF and SAP performed immunohistochemical studies and helped write the manuscript. CA, MPM, MP, AV and MFM provided and analyzed samples.
The authors reported no potential conflicts of interest.
